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Abstract-One of the most powerful tools in spectral analysis is 
the Fast Fourier Transform (FFT). Since the sixties it has been 
successfully installed in many electrical engineering applications. 
Nowadays, the engineer needs to press a button to get results. 
Nevertheless, meaningful analysis of measurements requires in-
depth knowledge of the FFT algorithms. Sometimes the engineer 
would be forced to use other spectral analysis tools, e.g. Prony 
method to obtain satisfactory results. The paper is concerned with 
educational aspects of FFT. The engineer in spe should be aware 
of the features and restrictions imposed on FFT and if needed 
refer to other spectral analysis methods.  
I. INTRODUCTION 
Spectral analysis of current and voltage signals is a common 
practice in electrical engineering. Protection algorithms, 
control of electrical drives and power quality assessment 
routines require the information of spectral 
components[1],[2],[3]. 
Fast Fourier Transform [4] is very popular and broadly 
applied as a build-in algorithm in many devices, which does 
not require specific knowledge from the user. Power quality 
analyzers may be seen as an example [5]. The technician 
operating such a power analyzer gets a plot of spectral 
components instantly after pressing a button. It seems to be a 
easy and reliable procedure. 
Nevertheless, the proliferation of wind farms and other 
nonlinear devices into the electrical system results in 
sophisticated current and voltage signals which should be 
analyzed with special care. Transients and interharmonics are 
present in current signals measured in systems with wind farms. 
Power quality analysis in such systems should be done 
accordingly, with special respect to restriction inherent in FFT 
method. Otherwise results may be wrong and led to equipment 
malfunction or damage. 
Electrical Engineers in spe should be equipped with 
mathematical foundations and in-depth knowledge about 
properties and features of DFT. Analysis results need to be 
assessed by them rightly and in case other methods put in place. 
This paper points out some important aspects of FFT 
teaching. Consequently, application of FFT and an alternative 
method (Prony model) for analysis of signals in wind generator 
is shown as an informative practical case. 
II. FOURIER TRANSFORM FOUNDATIONS 
Mathematical foundations are briefly presented below. 
A. Fourier Transform 
A function x defined in time domain can be expressed by its 
Fourier transform Y(f) in frequency domain [6]. 
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Introducing FT mathematical basics, some important 
properties needs to be mentioned: linearity, changing time 
scale inversely affecting frequency and amplitude, shifting the 
function changing the phase of the spectrum, symmetries in 
time domain and their implications also convolution theorem. 
Additionally, expansion in Fourier series needs a careful 
introduction. Several explanatory exercises are advisable. 
 
B. Discrete Fourier Transform 
The Fourier Transform [7] of discrete series x[n] is defined 
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Generally, Y(ejω) is a complex function and may be given as 
 ( ) ( ) (j jY e e ere imY Yω ω= + )jω  (3) 
Equation (3) may be rewritten (4) and used to compute the 
magnitude (5) and phase spectrum of the signal (6). 
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Both equations (5) and (6) are odd and even functions of real 
variable ω respectively.  
It is advisable, to introduce the similarities between the 
Fourier Transform and the Z transform 
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For finite series x[n] o<n<N-1 the corresponding Fourier 
Transform may be obtained by sampling the continuous 
Transform 
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The inverse Fourier Transform is given by  
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III. NUMERICAL REALIZATION 
The practical realization of spectral analysis of periodical 
signals is effectively introduced using the Matlab [8] 
environment. The students should verify the influence of 
diverse parameters on the transformation accuracy. 
Simple and understandable Matlab code 
t=0:1/100:10-1/100; 
x=sin(2*pi*40*t); 
y=fft(x); 
gives the opportunity for explaining periodic sampling, aliasing, 
signal ambiguity in frequency domain and Nyqiust frequency. 
Fig. 1 shows the spectrum of the above sinusoidal signal where 
the 60 Hz component should be properly interpreted. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. FFT spectrum of periodically sampled 40 Hz sinus waveform with 
Nyquist frequency of 50 Hz 
Consequently, further characteristic features need introducing: 
DFT symmetry, linearity, shifting theorem, leakage, frequency 
resolution, windowing, and other. The frequency and phase 
spectra should be observed. The resolution problem should be 
treated with special care. 
Sampling of Low-Pass and Band-Pass signals and digital 
filtering bring important skills in practical implementation of 
Fourier Transform. In the final step the spectral analysis should 
be done using a DSP (digital signal processor). 
Another question is the selection of signals for analysis. In 
the initial stage, simple simulated signals are useful. Starting 
with simple sinusoid the features of FFT can be explained and 
other spectral components added to the signal in a controlled 
manner. The noise can also be mixed by step for step. One 
important educational aspect is the resolution quality of nearby 
components, e.g. components not fare from the main 50 Hz. 
Praxis relevant signals should be processed with regard to 
opwer quality issues [9] as soon as the basics are introduced 
and understood.  
IV. ANALYSIS OF SIGNALS FORM WIND GENERATOR  
Closing of compensating capacitors is a common practice in 
wind generation units [10]. The measured signal (Fig. 1) has a 
decaying component which can not be analyzed adequately 
with FFT. The transient component initial amplitude was 
correctly computed with Prony method (Fig. 2). Those types of 
signals are helpful in showing the restriction of FFT and 
simultaneously signalizing other useful methods of signal 
processing. 
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Figure 2. Current signal after capacitor bank closing 
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Figure 3. Spectral analysis of current occurring after capacitor switching 
 
V. CONCLUSION 
In this paper the basics features of Fourier Transform are 
shown with relevance to educational aspects. The importance 
of proper presentation of restrictions inherent in the algorithm 
is stressed and accompanied by analysis of practice relevant 
signal from wind generator. 
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